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Prevention of drilling fluid loss in subterranean formations.

@ A method of drilling a well bore into 2 subterranean

formation containing water having monovalent and polyva-
lent cations therein, and preventing leak-off into the forma-
tion of an oil-base drilling fluid used in the drilling, comprises
adding to an oil-base fluid comprising an oil, water, a
weighting agent and an emulsifying agent, a powdered
seepage loss reducer selected from amorphous silicates
having a ratio of silicon dioxide to alkali meta! oxide in the
range of 1.5:1 to 3.3:1, the alkali metal being sodium or
potassium; ammonium soaps of fatty acids having from 12
to about 22 carbon atoms; and mixtures thereof; to form the
drilling fiuid and circulating the drilling fluid containing the
powdered seepage loss reducer in the well bore. When the
circulation of the drilling fluid containing the seepage loss
reducer takes place, the seepage loss reducer reacts with the
monovalent and polyvalent cations contained in the forma-
tion to form a seal in the formation adjacent to the well bore.
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PREVENTION OF DRILLING FLUID LOSS IN
SUBTERRANEAN FORMATIONS

The present invention relates to the prevention
of drilling fluid loss in subterranean formations and, more
particularly, to a method of limiting and localizing the
penetration of an oil-base drilling fluid into porous
underground strata, crevices, and fissures during the
drilling of a well in a permeable subterranean formation.

In the drilling of a well into the earth by
rotary drilling techniques, a drill bit is attached to a
drill string and the drill bit is rotated in contact with
the earth to cut and break the earth and form a well therein.
A drilling fluid is circulated between the surface of the
earth and the bottom of the well to remove drill cuttings
therefrom, lubricate the bit and drill string, and to apply
hydrostatic pressure to the well to control the flow of
fluids into the well from the earth formation penetrated by
the well.

Drilling fluids commonly employed include gaseous
and liquid drilling fluids. Liquid drilling fluids, often
called "drilling muds", may have a liquid base which is
water orvan 0il base which is a hydrophobic substance such
as oil. 0il base fluids commenly include a minor portion of
water present in the oil as an emulsion of the water-in-oil
(invert) type.

In the drilling of a well into the earth, a

problem sometimes occurs which involves the loss of
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unacceptably large amounts of drilling fluid into strata,
crevices and fissures of a formation penetrated by the

well. This is sometimes referred to as "lost circulation".
Such a formation or portion thereof that accepts the
drilling fluid is commonly termed a "lost circulation zone".
Lost circulation may occur when the well encounters a
formation of an unusually high permeability or one which
has naturally occurring fractures or fissures. Lost
circulation may also occur by the inadvertent fracturing

of a formation during drilling operations such fracturing
sometimes occurs when the density of the mud is increased to
provide a sufficiently high hydrostatic pressure to control
high formation pressures. Other inadvertent fracturing of
formations sometimes occurs because of fluctuations of the
hydrostatic pressure imposed on the formations due to
movements of the drill string and well casing in a well.

In addition to lost circulation, losses due to
filtration and/or seepage are also commonly encountered
drilling problems. Seepage is a problem primarily incurred
while spudding though it may continue during the entire
drilling phase.

0il base drilling fluids are generally more ex-
pensive than water-base drilling fluids. Nevertheless,
they have a number of advantages thereover. Thus, o0il base
fluids prevent formation damage to water sensitive reservoirs
and prevent hole enlargement and permit coring in water-
soluble rocks, such as salt. In addition, oil base drilling
fluids maintain stable mud properties in deep and high
temperature holes which require heavy mud. Further, these
fluids prevent corrosion of the drill pipe, casing, and
tubing which reduces expensive workovers. They usually allow
an increased drilling rate beacause of better lubrication and
removal of the shell cuttings without disintegration of the
cuttings. Another advantage with o0il base drilling fluids is

that they generally can be reclaimed for a later use and this
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reduces the overall cost.

It is desirable, for a number of reasons, to
reduce the loss of a drilling fluid during a drilling
operation. For instance, oil-base drilling fluids are
expensive and their loss can appreciably increase the
cost of a drilling operation. In addition, if the oil
base fluids wet the formation by leakage during the drilling
operation, the result can lead one to believe that the
formation is a producing formation.

The reduction in seepage loss of a drilling fluid
has been a long standing problem with drilling fluids and
various methods have been used in the past to alleviate this
problem. For example, U.S. Patent 4,222,444 discloses the
use of magnetic material to reduce the amount of drilling
fluid lost to a formation. Also U.S. Patent 3,509,951
discloses the use of a wax emulsion to control the loss of
a drilling fluid while drilling a well. In addition, fibrous
materials have been used in drilling fluids in order to
form a sheath on the formation surface and prevent the loss of
the drilling fluid into the formation.

We have now found that the loss of oil-based
fluids can be reduced by including therein certain seepage
loss reducers.

According to the present invention, there is
provided a method of drilling an o0il well in a subterranean
formation having connate water containing monovalent and
polyvalent cations, which method comprises:

a. circulatingvin the well during the drilling a drilling
fluid having a density from about 8.0 to about 25 pounds
per U.S. gallon (960 to 3000 kg/m3) and comprising:
(1) an oil-base liquid said liquid comprising from
about 60 to about 99 percent by volume oil and about 1
to about 40 percent by volume water;
(2) a seepage loss reducer present in the range of
from about 1 to about 25 pounds per barrel (2.85 to
71.25 kg/m3) of drilling fluid and selected from
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powdered silicates having a molar ratio of
dioxide to alkali metal oxide in the range
about 1.5:1 to about 3.3:1 and wherein the
metal is sodium or potassium; or mixtures
or more thereof; or an ammonium soap of a
acid having from about 12 to about 22 carbo
or any mixture of two or more thereof; and
(3) a weighting agent present in an amount
to produce a density of said drilling flui
about 8.0 to about 25.0 pounds per U.S. ga
(960 to 3000 kg/m°); |
(4) an emulsifying agent present in the ra
from about 0.1 percent to about 9.0 percent
weight of the weighting agent and the o0il-b
and selected from a fatty acid, an amine de
of a fatty acid, an amide derivative of a f

and any mixture of two or more thereof.

The invention also includes a method w

the seepage loss reducer is a powdered amorphous
having a molar ratio of silicon dioxide to alkal
oxide in the range of from about 2.0:1 to about

The present invention provides a metho
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alleviating the loss of an oil-base drilling fluid into

a subterranean formation that contains monovalen

t and poly-

valent cations and is penetrated in the drilling of a well.

The method has particular application in control

ling

partial lost circulation or seepage when drilling with oil-

base fluids and is hereafter described with refe
such fluids. ’

The oil-base drilling fluid used to ca

rence to

rry out the

method of the present invention has a density of from about

8.0 to about 25.0 pounds per U.S. gallon (960 to 3000 kg/m3)

and comprises an oil-base liquid comprising from about

60.0 to about 99.0 percent by volume of oil and

about 1 to about 40 percent by volume of water,

from

a weighting
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agent present in an amount sufficient to produce a
drilling fluid having the above density, from about
1.0 to
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about 9.0 percent by weight of an emulsifying agent (based on
the combined weight of the cil-base liquid which comprises
the oil and the water, and the weighting agent) and a seepage
loss reducer.

The seepage loss reducer used to carry out the method of
the present invention is selected from the group consisting
of a powdefed silicate having a molar ratioc of silicon
dioxide to alkali metal oxide in the range of from about
1.5:1 to about 3.3:1 wherein the alkali metal is selected
from the group consisting of sodium, potassium, and mixtures
thereof, and an ammonium soap of a fatty acid having from
about 12 to about 22 carbon atoms. fThe oil-base drilling
fluid containing the seepage loss reducer is circulated in
the wéil bore and the seepage loss reducer reacts with the
monovalent and polyvalent cations such as sodium, magnesium,
or calcium, in the subterranean formation to form a seal in
the formation adjacent to the well bore.

The silicate compounds that can be employed in the
method described herein have a molar ratio of silicon dioxide
to alkali metal oxide in the range of from about 1.5:1 to
about 3.3:1. To improve the sealing ability of the silicon

dioxide, it is desirable to have a high ratio of silicon

" dioxide to alkali metal oxide. Such a high ratio also redu-

ces the amount of alkali metal oxide that must be neutralized
to produce gelling and sealing. Higher ratios are generally

more difficult to dissolve,.
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Therefore, it is preferable to maintain the molar ratio
of silicon dioxide to alkali metal oxide in the range of from
about 2.0:1 to about 2.7:1. Most preferably, the ratioc of
silicon dioxide to alkali metal oxide is maintained at a

ratio of about 2.5:1. Silicates of such ratio have short

dissolution times while still having relatively high silicon

dioxide densities.

In order to be rapidly dissolvable, the powdered sili~-
cate is preferably partially hydrated. Over~-hydration or
under-hydration, however, produces a less satisfactory
powder. Over-hydration (more than abont 20% water content by
veight) produces amorphous particles which tend to flow and
slowly convert to crystalline silicate which is slowly
soluble. Under-hydration (less than about 12% water content
by weight) results in particles which are crystalline ini-
tially and, therefore, are difficult to dissolve. Most pre-
ferably, the partially hydrated powdered silicate of the
present invention has a water content in the range of from
about 14% to about 16% by weight of the hydrated silicate.
amorphous particles with this hydration are relatively stable
and are easily dissolved.

The silicate of the present invention is preferably
comprised of amorphous particles of the partially hydrated
silicate. Crystalline particles are not readily dissolvable.

In the silicates of the present invention, either sodium

or potassium or mixtures thereof can be utilized as the
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alkali metal in the silicate. The silicate of the present
invention can be represented by the formula SiOZ:MZO. As
stated above, M is selected from the group consisting of
sodium, potassium and mixtures thereof. Other alkali
metals, such as lithium and rubidium are not suitable
because of their significantly different properties.

In the preparation of the rapidly dissolvable
powdered silicate of the present invention, dehydration by
heating a solution of appropriate silicon dioxide-alkali
metal oxide ratio is not suitable. Dehydration by heating
or boiling of such a solution produces a stable silicate
which is only very slowly soluble.

To produce a rapidly dissolvable powdered silicate,
two methods are appropriate. The first method consists of
spray drying a silicate solution having a temperature less
then 100°F (38°C). The Spray drying produces a powder 1
of amorphous glass particles. Furthermore, it allows
production of a partially hydrated powdered silicate having
a water content in the range of from about 14% to about 16%
by weight of the hydrated silicate. As stated above, this
range of partial hydration and the amorphous glass quality
of the particles have a significant effect upon the ability
of the silicate to dissolve.

In producing the powdered silicate by spray
drying, a silicate solution having a desired ratio of silicon
dioxide to alkali metal oxide in the range of from about
1.5:1 to about 3.3:1 is prepared and maintained at a
temperature lower than ]100F (43°C) and preferably lower
than 850F (300C). This solution is delivered to a spray
drying device which produces rapid cooling and rapid de-
hydration of small droplets of the solution. In the process
of rapidly cooling and dehydrating, the droplets pass from
an equilibrium to a non-equilibrium state such that an
easily soluble amorphous glass particle is formed. The

cooling and dehydration must be rapid enough to prevent the
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silicate from being converted to a slowly soluble crystal
state. If necessary, the solution can be refrigerated
and the spray directed against a cooled baffle or the
like.

The second method of preparing the rapidly
dissolvable powdered silicate also utilizes rapid dehy-
dration at a relatively low temperature. In this method,
however, dehydration is achieved by adding a dehydration
agent to the silicate solution of the appropriate ratio.
During the dehydration, the solution must be maintained
at a temperature less than 110°F (430C) and preferably less
than 85°F (30°C). Furthermore, to avoid crystallization
and agglomeration of some of the amorphous particles,
it is necessary to rapidly shear the solution as the de-
hydration agent is added. Preferred dehydration agents

include ethanol, methanol and acetone. Less suitable are

isopropyl alcohol, butyl alcohol, and ethylene glycol monobutyl

ether. Also less suitable are saturated salt solutions

such as those of sodium chloride and potassium




10

15

20

25

0137683
chlorigde.

As a dehydration agent such as ethanol is added to the
silicate solution undergoing rapid shearing, particles of
partially hydrated amorphous silicate are precipitated from
the silicate solution. These particles are separated from
the liguid and then dried without heating. For example,
additional alcohol can be added to the particles and then
allowed to evaporate at room temperature.

In either the spray drying or precipitation methods,
trace amounts of lithium and copper can be added to help pre-
vent crystallization of the silicates. Lithium provides an
undersized atomic particle and copper provides an oversized
atomic particle to assist in breaking up crystalline patterns
as they form. Other suitable undersized or oversized atomic
particles can be utilized,

In order to be rapidly dissolvable, it is desirable to
have the amorphous particles of the powdered silicate smaller
than 40-mesh size. If a significant number, 10% for example,
of particles are larger than 40-mesh size, field use is ham-
pered. To arrive at a powder having less than 40-mesh size,
the powder resulting from the preparation methods can be
screened or ground until tﬁe appropriate size is achieved.
Also, the particle size can be controlled in the formation
process of spray drying or precipitation with methods that
are well known.

By utilizing the powdered silicate of the present inven-
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tion, an improved method of preventing leak-off into the for-
mation of an oil-base drilling fluid is achieved. 1If
desired, the powdered silicate can be stored at the well
location prior to its use. Furthermore, the storage of the
silicate can occur at temperature below freezing without
adverse effect to the powdered silicate material.

Potassium silicate is less reactive with calcium and
other di~- and polyvalent ions than sodium silicate, but
gelling still results upon combination with a sufficient
amount of these agents or a sufficient amount of reaction
time. The §lower gelling time and higher concentration of
gelling agent or catalyst can, therefore, be utilized to pro-
duce gelling at a desired time or location where sodium sili-
cate would not be suitable.

The ammonium scaps of the fatty acids that are used as
the seepage loss reducer used in carrying out the method of
the present invention generally comprise fatty acids having
from about 12 to about 22 carbon atoms and preferably about
16 to about 18 carbon atoms. Further, both solid and oil
dispersed ammonium soaps of the fatty acids may be used in
the present invention. Examples of ammonium soaps of fatty
acids that can be used to carry out the method of the inven-
tion include unsaturated fatty acids such as palmitoleic
acid, oleic acid, ricinoleic acid, linoleic acid, linolenic
acid, eleostearic acid, gadoleic acid, erucic acid, and

saturated fatty acids such as lauric acid. The preferred

0137683
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fatty acids are oleic acid, ricinoleic acid and palmitoleic
acid.

The preferred seepage loss reducer is powdered silicate,

The oil used in the drilling fluid of the present inven-
tion are well known in the art and include substantially all
hydrocarbon materials such as crude oil, both sweet and sour,
a partially refined fraction of crude oil (e.g. side cuts
from crude colhmns, crude column overheads, gas oils, kero-
sene, heavy naphthas, naphthas, straight-run gasoline,
liquified petroleum gases); refined fractions of crude oil
{(propane, butane, pentane, decane, etc.) and synthesized
hydrocarbons including halogenated hydrocarbons, From an
economical standpoint, the hydrocarbon is preferably a par-
tially refined fraction of crude o0il (e.g. diesel fuel,
mineral oil, or a gascline cut-off of a crude column). The
invention, however is not limited to any particular type of
0il or mixtures thereof.

An emulsifying agent is used to carry out the method of
the present invention. Preferably the emulsifying agent
comprises a fatty acid or an amine or an amide derivative of
a fatty acid. These emulsifying agents are disclosed in U.S.
Patent 4,233,162 which is herein incorporatéd by reference.
Specific examples of suitable saturated fatty acids are
capric, lauric, myristic, palmitic, stearic, and behenic
acids. Suitable unsaturated fatty acids are monoethenoid

acids, such as caproleic, lauroleic, myristoleic, palmito-
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leic, oleic, andcetoleic acids, diethanoid acids, such as
linoleic acid; and triethenoid acids, such as linolenic
acid. From a commercial standpoint, mixtures of fatty
acids derived from tallow, tall o0il, soybean o0il, coconut
oil, and cottonseed oil have been found to be suitable
for the practice of this invention. Most preferably, the
emulsifying agent comprises a mixture of dimerized oleic
acid, oleic acid and oleyl amide. Amine and amide deri-
vatives of the fatty acids can be prepared by methods
well known in the art.

The amount of emulsifying agent used to carry
out the method of the present invention will vary widely
depending upon the make up of the oil-base drilling fluid,
but will generally be in the range of about 0.1 to about
9.0 weight percent based on the combined weight of the oil-
base liquid and weighting agent present in the oil-base
drilling fluid to give the drilling fluid a density of about
8.0 to 25.0 pounds per U.S. gallon (960 to 3000 kg/mS).

In order that the invention may be more fully
understood, reference is made to the accompanying drawings,
wherein:

FIGURE 1 is a schematic representation of a
drilling rig and well, set up for operation in accordance
with the present invention; and

FIGURE 2 is a cross-sectional view of the
apparatus used to carry out the tests of Example VI.

Referring to Figure 1, numeral 4 designates a well
bore drilled into the earth's surface (2) by a hollow drill
string (6) drill bit (8) attached to the lower end of the
drill string. The drill bit may be a rock bit or may be a
drag bit or suitably may be one having rollers or conical
cutters. The drill string (6) extends up the floor (10)
of a derrick (12) through a rotary table (14) which is
rotated by means not shown. The drill string is suspended
by a block (16) hoisting lines (18) and swivel (20). Swivel
(20) is
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connected by a flexible line (22) to a drilling mud pump
{24). The mud pump (24), in turn, connects to a suction line
{26) which connects to a settling basin (28) divided into two
parts by a weir (30). 1In the section (32) of the settling §
basin (28) the drilling mud is introduced thereto by 2 return
ditch (34) carrying any material resulting from the drilling
operation. The section (32) is of sufficient size to provide
a residence time for settling of the material as a layer (36)
in the bottom of the basin (28). The drilling fluid flows by
lines (22) and (26) down the hollow drill string (6) and

out through the eyes (38) of the drill bit (8) and up the
annulus (40) to the return ditch (34).

In accordance with the present invention, the drilling
fluid containing the seepage loss reducer is pumped by 15
drilling mud pump (24) through line (22) down the hollow
drill string (6) into the bit {8). The drilling mud passes
from the eyes (38) of the drill bit into the annulus (40).
The fluid is maintained in the annulus (40) under sufficient
pressure by the pump (24) to overcome the hydrostatic head of
the connate water in the formation (42). At zones in the
formation (42) where loss of the dfilling fluid can occur,
the drilling fluid containing the seepage loss reducer comes
in contact with the water in the formation (42) which contains
monovalent and polyvalent cations such as sodium, potassium,
calcium, and magnesium. The seepage loss reducer in the

fluid upon contact with the water in the formation (42) forms
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a solid substance (44) adjacent to the well bore. Since
the seepage loss reducer is used to form a seal (44), it is
at times necessary to add the seepage loss reducer to
replace that which is deposited as a seal (44). One manner
of adding the seepage loss reduced to the drilling fluid

is by line (46) which is connected to a tank (48) which
contains the seepage loss reducer.

The amount of the seepage loss reducer used in
the drilling fluid will vary over a wide range depending
upon the amount of connate water in the subterranean
formation. Generally, however, one pound of seepage loss
reducer per barrel (2.85 kg/m3) of oil-base drilling fluid
to about 25 pounds of seepage loss reducer per barrel
(71.25 kg/m3) of oil-base drilling fluid is used to carry
out the method of the invention with about 5 pounds to about
10 pounds of seepage loss reducer per barrel (14.25 to 28.5
kg/m3) of oil-base drilling fluid being the more preferred
amount of seepage loss reducer to use with the oil-base
drilling fluid.

Other additives commonly used in drilling fluids may
also be included in the drilling fluid. For example, a
dispersing agent, sometimes referred to as a thinning agent
may be included to aiding and controlling the viscosity to
better provide a pumpable mixture. Further, a weighting
material may also be employed to tailor the weight of the
drilling fluid. When a weighting mate;ial is employed in
the method of the invention, any conventional weighting
material known in the art may be employed. Examples of
suitable weighting agents include barites, iron oxides,
and calcium carbonates. The weighting material is employed
in an effective weighting amount which can vary depending
on the composition of the drilling fluid and the desired
density and characteristics of the drilling fluid. Sufficient
weighting material is utilized to give a final drilling fluid

density of from about 8.0 to about 25.0 pounds per U.S.
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gallon (960 to 3000 kg/mS).

The water component can be fresh water or a brine
saturated or partially saturated with alkaline salts,
such as calcium chloride or magnesium chloride.

The exact manner in which the seepage loss ‘
reducer which is either an ammonium soap of a fatty acid
having about 12 to about 22 carbon atoms or a silicate
is dispersed in the oil-base drilling fluid is not of
primary importance, and if desired, the requisite amount of
the seepage loss reducer méy be simply added to the o0il-
base drilling fluid at ordinary temperatures while employing
agitation or stirring to obtain a uniform drilling fluid.
Additional materials, such as the emulsifying agent or
weighting material can be added in the same manner. Such
operations may be carried out at the well site. Sometimes
it is more convenient to prepare an initial concentrate
composition containing the seepage loss reducer which can
be subsequently diluted with base 0il to obtain the final
drilling fluid. When the oil-base liquid contains a

mixture of a light and heavy o0il, it is preferred that the

light o0il be employed in forming the initial dispersion.
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In practicing the invention, it is sometimes desirable
to add the seepage loss reducer only when certain sections of
the formation are encountered rather than making up the
drilling fluid with the seepage loss reducer. During the
drilling operation, the fluid is circulated and returned to a
tank, pit, pump, or reserveir. This supply may be checked
periodically to maintain the desired percentages of seepage
loss reducer in the drilling fluid. Additional quantities of
the compound may be added, if desired.

In some drilling operations, it may be desirable to
operate the drill for a selected period of time using a
drilling fluid without the seepage loss reducer added or with
a low concentration and then after stopping the operation,
circulating to the bottom of the hole the drilling fluid with
a normal or high concentration of the seepage 1os§ reducer
and allowing it to remain in contact with the formation for a
substantial time in order to allow the compound to react with
the polyvalent cations in the formation. By way of example,
drilling may be continued over a predetermined period, for
example six hours, using no seepage loss reducer and then a
drilling fluid containing a high concentration of the seepage
loss reducer may be circulated to the bottom of the hole for
treatment of the zone just drilled.

The following Examples will serve to more comprenen-

sively illustrate the principles of the invention.
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EXAMPLE 1

Drilling muds were prepared in order to compare
the efficiency of the drilling muds containing potassium
silicate used in the method of the present invention with
drilling muds not containing potassium silicate as a
seepage loss reducer. The drilling muds comprised diesel
oil, or mineral oil, brine water, 7 - 9 pounds per barrel
(20 to 25.6 kg/ms) of emulsifier and a viscosifier.
Tests 1 - 12 contained magnesium chloride in the internal
phase of the emulsion. Tests 13 - 18 contained calcium
chloride in the internal phase of the emulsion. The
potassium silicate used in the tests had a molar ratio of
silicon dioxide to alkali metal oxide of about 2.5:1. The
tests were determined in accordance with API RP 13B
"Standard Procedure for Testing Drilling Fluids". The

results of these tests are shown in Tables I and II.
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EXAMPLE I

Rheological properties of muds containing potassium
silicate was compared to muds not containing potassium sili-
cate. The rheological properties were determined in accor-
dance with API RP 13B.

The following abbreviations were used in the Table:

PV

Plastic Viscosity, and

YP Yield Point

The results of these tests are shown in Table 11I.
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EXAMPLE 111

The ammonium socap of the fatty acid used in the present

invention can be prepared in any one of the following ways:

Method A: 100 grams of the fatty acid are added to the
boiling flask. 30 grams of ammonium hydroxide
are next added to the flask. .The mixture is
refluxed for one hour and the ammonium scap of
the fatty acid is removed.

Method B: A concentrate of the ammonium soap of the
fatty acid is prepared by blending 173.25 ml.
of diesel oil, 103.25 mi. of oleic acid, 50.75
ml. of nonylphenoxypolyethyleneoxyethanol and
22.75 ml. of ammonium hydroxide.

Method C: A concentrate of the ammonium socap of the
fatty acid is prepared by blending 103.25 ml.
of oleic acid, 50.75 ml. of nonylphenoxypoly-
ethyleneoxyethanol and 22.75 ml, of ammonium
hydroxide.

EXBMPLE IV
Drilling muds were prepared in order to compare the
efficiency of the drilling muds containing an ammonium soap
of a fatty acid used in the method of the present invention
with drilling mud not containing the ammonium soap of a fatty
acid as a seepage loss reducer. The ﬁests were carried out

in the same manner as Example I. The results of these tests
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are shown in Table IV.
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EXAMPLE V
Tests were carried out to test the rheological proper-
ties of muds containing diesel oil and no ammonium soap of ;
fatty acid and muds containing diesel ©il and an ammonium
soap of a fatty acid. The rheological properties were deter-
mined in accordance with API RP 13B. The results of these

tests are shown in Table V.



0137683

~30—

(89°L/ze V) 91/6 (87°0) 1 0Z z g DT8T0 9
(89°L/zE°v) 91/6 (96'0) ¢ 0z - 3! o18To S
(9§ o1/vT°9) 2TT/LT (82°S) 11 61 - - - 1
(zS 11/91°8) V¥e/ln (zl°9) V1 ze r4 v 01970 €
(z*L/Vz 9) S1/¢€1 (94°9) 21 T - 4 DyaTo (4
(9°6/9L°5) o02/Tl (9£°S) 21 8T - - ~ 1
(Teosed) (Teosed) ( E\wzoocv
Z33001/# z 33 00T/4% | (s5d2) (pouw (111 oTdwexd) (pnu jo To@11Eq *ON
soqnuiw O} dx - Ad JO sunioa 29g8) - PIOY zod spunod g) 31838
/TeTATuI Aq %) a93eM A33ed e jo proe A33BJ 30
" 1en .93BUUOD deog untuounny | deog wnyuowwy
jo uoijeaedsid
JO POU3SH

{OT38d SWN{OA QL:0E - UOTSTRWH
TT0-ur~-x23eM) PONW

J499eM 03 TT0 T1989TQ 0E£:0L =

spn oseq

*sanof 91 403 (0,9°S9) d,06T 3' BupTTOU-3oH 1°833¥ AboToSuY

A I




0137683

_2/4 —

(z1/9L°S) Sz/zx (zev) 6 18 4 g otanet (Al
(9°6/v8°¢t) o0z/8 (9€°¢t) L Ly - d oranet 1
(9°6/82°S) o02/11 (rg-€) 8 9v - -~ - 0T

(¢l-9/¥8°€) Vi1/8 (vv- 1) ¢ 1¢ Z o) orT®T0 6
(2l-9/2e°v) ¥1/6 (96°0) ¢ 44 - o) o1at0 8
(26°€1/95°01) 62/22 (2°L) 6S1 A4 - - - L
(Teoseq) (Teosed) (pw/530009)
2¥3001/# Z°33 00T/# | (sdD) (pnuw (111 oT1dwexy) (pnw %W 191189 “ON

soquuTw Q] dX Ad JO auntoa 998) -~ prov aad spunod g) 189],

\ﬂmmuﬂ:H Aq %) aejepm &334 e joO proe Aj33e3 jo
) wvu @3RPULOD deog wuntuoumy deos wnTuouwwy

JO uorjviedaagd

3O _poyzan

(OT3°Y SWNTOA 0L:0f - UOTSInug
170-uI-193eM) poy

J93eM 09 TTO 19SOIQ Q€:(0L = SPNW aseq

SANOH 91 J03 (D,9°S9) d,0ST 3I® BurTTOuN-10H 1933Y ABoToOB=yy

A dT19Yd

-penurjuco-




10

1s

20

25

0137683

- 32 -
EXAMPLE VI
Drilling muds were prepared in order to compare the
efficiency of the drilling muds containing ammonium laurate
used in the method of the present invention with drilling

muds not containing ammonium laurate as a fluid loss addi-

tive. The drilling muds comprised diesel o0il or mineral oil,

* brine water, 7 - 9 pounds'per barrel (20 - 25 kg/m3) of

emulsifier and a viscosifier.

A cross-sectional view of the apparatus nsed to carry
out the tests is shown in Figure 2. The apparatus comprised
a vessel (50) equipped with a stirring means (52), air.
release means (92) connected to a valve (84), a core sample
(54) which was secured to the vessel (50) by means of a
holder (56) and a bolt (96) which was secured to rod (97).
The apparatus was heated by means of heating element (60)
which was connected to heat controller (58) by means of line
(99). 2 thermocouple (62) connected to the heat controller
(58) by means of line (98) regulated the heat of the vessel
{50). The stirring apparatus (52) was rotated by means of an
electric motor (64) and the motor (64) was connected to the
rate controller means {(72) by means of line (71). The shaft
{66) of the electric motor (64) was secured to the shaft of
stirring apparatus (68) by means of a holder (70). The speed
of the motor (64) was varied by means of rate controller

means (72). The drilling fluid to be tested was stored in
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reservoir (74) which was pressurized through pressure line (76)
which was connected to a shut off valve (77). The drilling
mud in the reservoir (74) was introduced into vessel (50) by
means of line (78) which contained a shut-off valve {80).

The £fluid filtering through core (54) passed through
line (82) into graduated cylinder (84) where the amount of
filtrate was measured. At the completion of the test, all
drilling mud remaining in the vessel (50) was removed through
line (86) which was connected to a shut off valve (88).

The tests were carried out by adding the drilling mud to
be tested through line (78) into the vessel (50). The
filtrate, from the drilling mud, passing through the. core
(54), was collected in the graduated cylinder (84). 1In order
to minimize the change in solids of the mud during the tests,
the drilling fluid was displaced from the vessel (50) during
the tests at a rate of 100 ml. of drilling fluid per 10 ml.
of filtrate collected in the graduated cylinder (B84).

Berea sandstone cores initially saturated Qith connate
or formation water containing monovalent and polyvalent
cations, were used on the tests. Cores of two different
sizes were used in the tests. The mud was filtered through
the core and the amount of filirate collected was measured

every 30 minutes. The results of these tests are shown in

Table VI.
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From Table VI it can be seen that ammonium laurate was
effective in reducing seepage loss by its reaction with the
formation water. The efficiency of the ammonium laurate
increased with increasing thickness of the core.

The invention is not limited to the above-described spe-
cific embodiments thereof; it must be understood, therefore,
that the detail involved in the descriptions of the specific
embodiments is presented for the purpose of illustration
only, and that reasonable variations or modifications, which

will be apparent to those skilled in the art, can be made in

the invention.
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CLAIMS:
1. A method of drilling an o0il well in a subterranean

formation having connate water containing monovalent and
polyvalent cations which method comprises:
a. circulating in the well durihg the drilling a
drilling fluid having a density from about 8.0 to about
25 pounds per U.S. gallon (960 to 3000 kg/mS) and
comprising: C '
(1) an oil-base liquid said liquid comprising from about
60 to about 99 percent by volume 0il and about 1 to about 40
percent by volume water;
(2) a seepage loss reducer présent in the range of from
about 1 to about 25 pounds per barrel (2.85 to 71.25 kg/mg)
of drilling fluid and selected from powdered'silicates having
a molar ratio of silicon dioxide to alkali metal oxide in
the range of from about 1.5:1 to.abdut 3.3:1 and wherein
the alkali metal is sodium or potassium; or mixtures of
two or more thereof; or an ammonium soap of a fatty acid
having from about 12 to about 22 carbon atoms; or any
mixture of two or more thereof; and, '
(3) a weighting agent present in an amount éufficient to
produce a density of said drilling fluid of from about 8.0
to about 25.0 pounds per U.S..gallon (960 to 3000 kg/ms);
(4) an emulsifying agent present in the range of from
about 0.1 percent to about 9.0 percent by weight of the
weighting agent and the oil-base liquid, and selected from a
fatty acid, an amine derivative of a fatty acid, an amide
derivative of a fatty acid, and any mixture of two or more
thereof. ‘

2. A method of preventing thé loss of an oil-base
drilling fluid having a density of from about 8.0 to about
25.0 pounds per U.S. gallon (960 to 3000 kg/m3) during

the drilling of an o0il well in a subterranean formation
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having connate water containing monovalent and polyvalent

cations, which method comprises:

3.

a. forming a drilling fluid by adding to an oil-base
liquid comprising from about 60 to about 99 percent

by volume of o0il and about 1 to about 40 percent by
volume water, a weighting agent in an amount.sufficient
to produce a drilling fluid having a density of from
about 8.0 to about 25.0 pounds per U.S. gallon

(900 to 3000 kg/ms); an emulsifying agent in an

amount of from about 0.1 percent to about 9.0 percent
by weight of the weighting agent and the oil-base
liquid, the emulsifying agent being selected from a
fatty acid, an amine derivative of a fatty acid, an
amide derivative of a fatty acid, and any mixture of
two or more thereof; and a seepage loss reducer in

an amount of from about 1 to about 25 pounds per barrel
(2.85 to 71.25 kg/mg) of drilling fluid and selected
from powdered silicates having a molar ratio of

silicon dioxide to alkali metal oxide in the range of
from about 1.5:1 to about 3.3:1 wherein said alkali
metal is sodium or potassium, or any mixture of two

or more such silicates, an ammonium soap of a fatty
acid having from about 12 to about 22 carbon atoms, and
any mixtures of two or more thereof; to form the
drilling fluid; and

b. circulating said drilling fluid in said well whereby
the seepage loss reducer reacts with the monovalent and
polyvalent cations to form a seal in the formation

against entrance of the water into the well bore.

A method according to claim 1 or 2, wherein

the seepage loss reducer is a powdered amorphous silicate

having a molar ratio of silicon dioxide to alkali metal oxide

in the range of from about 2.0:1 to about 2.7:1.
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4. A method according to claim 3, wherein said
seepage loss reducer is powdered amporphous silicate
having a molar ratio of silicon dioxide to alkali metal
oxide of about 2.5:1.

5. A method according to claim 1 or 2, wherein the
seepage loss reducer is an ammonium soap of palmitoleic

acid, lauric acid, oleic acid, ricinoleic acid, linoleic
acid, linolenic acid, eleostearic acid, gadoleic acid or

erucic acid, or any mixture of two or more such soaps.

6. A method according to any of claims 1 to 5, wherein
the o0il is c¢rude 0il, diesel o0il, mineral o0il, gasoline,

or any mixture of two or more thereof.

7. A method according to any of claims 1 to 6, wherein
said seepage loss reducer is present in the range of from
about 5 pounds to about 10 pounds of seepage loss reducer

per barrel (14.25 to 28.5 kg/m3) of drilling fluid.

8. A method according to any of claims 1 to 7, wherein
said weighting agent is a barite, iron oxide, calcium

carbonate, or any mixture of two or more thereof.

9. A method according to any of claims 1 to 8, wherein
said emulsifying agent comprises a mixture of dimerized

oleic acid, oleic acid, and oleyl amide.
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